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The stealth dish 


Why a stealth dish... 


VY Visibility ————>_ Low 


> Limits as much as possible visibility when not in use 


> Makes access to the feeder easy and safe 


¥Y Maintainability ———— _ High 


> Makes the set-up time short and repeatable 
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The stealth dish 


Why a stealth dish... : Challenges and advantages 


CHALLANGES ADVANTAGES 


Y Accuracy and v Very easy access to the 
repeatibility of feeder. 
positioning. 
«curiosity» minimization... 
¥Y Complex mechanism. 
No need to use stairs. 


Y Much higher overall 
weight. Lower overall profile when 
in «resting» position that 
Y Stability. minimize lightening risk. 


VY .s. Good sleep during 
thunderstorms 
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The stealth dish 


Why a stealth dish .... : a bit of history 


v@20n038ee 48m 


——— 


Oseme@eerviaan 
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The stealth dish 


Mechanical design : tower design 


¥Y 5m Diameter. 
v 0,5 f/D. 
¥Y 6mmx6mm mesh. 
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The stealth dish 


Mechanical design : tower design _ 


Y Total weight about 1,000Kg. 

Y Counterweights ..... with wheels. 

Y Tilting system built with standard 
gearbox. 

Y 15 minutes from operations start to 
first echo. 
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The stealth dish 


Mechanical design : the plinth 


Y Stabilizing moment = 14,650 Kg. 
Y Tilting moment =6,900 Kg. 

( wind @ 100Km/h ) 
Y (stabilization moment ) = 2.11. 


EME Conference 2016, Venice Impedimentum pro occasione arripere Mario Armando Natali, IONAA 


The stealth dish 


Mechanical design 


Video 
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250W PA 
PEIRKI 
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W2IMU Feeder 


Arduino 
Server 


BIG-RAS/HR SPID Elek. 
Rotator & Controller 


TeamViewer 


Power Split PstRotator 
Wilkinson Radio Eyes 
IONAA aligning 


PowerSdr 

WS/T 

SpectraVue 

Doppler correction 
VAC 

VSPManager ( KSFR ) 
/ONAA PA controller 


SDR-IQ 
RFSPACE 


TR 1296 H28-S Flex-1500 
DB6NT XVerter Flex-Radio 


Sequencer 


1296 EME Station layout 


06/06/2016 
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The stealth dish 


Technical characteristics : the feeder 


«Ret 
OdB 


am wih | 


Ve | = 


il 1040MH2 1080MH2 1120MHz2 1160MH=———__ 1200MH2 1240MH2 1320MHz 1360MH2 1 
Start = 1000 MHz Center = 1200 MHz Stop = 1400 MHz 
Span = 400 MHz 


F> 
Att. = 0 dB S11 VSWR 
$11 Smith 


-50d8 130.0MHz 160.0MHz 190.0MHz 220.0MHz [1250.0MHz 280.0MHz 340.0MHz 370.0MHz -50d8 
Start = 1100 MHz Center = 1250 MHz Stop = 1400 MHz 
: Span = 300 MHz 
XAtt, = 0.08 S21 @B 
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The stealth dish 


Technical characteristics : the results 


7 


35200000: amr 
0.100.000 vr: em 
Z 


| stat F12 


Center Frequency - Ins 
M8200 000 gamma 
0.100.000 m= aan 


Stop: 


EME LOGGER (CW, SSB, JT) Very consistent measurements of 
SOMHz 144MHz — 222MHz —432MHz_—_902MHz Cygnus-A @ 0,58dB Vs. 0,63dB 
Reference (92,1% ). 
Say: | [1] 2)... |50/|51) next> | last») — goto page: Go Very good measurement of sun 
| noise @ around 96% Vs. 
UTC Y Callsign Name Comment 
09-15/Change Set Reset Reference. 


Some problem on sidelobes to be 
fixed. 

«Theoretical» result achieved 
comparing reception of the same 
signal with Nando I1NDP !!! 
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The stealth dish 


Software tools : EZmoon 


Frequency 
TX antenna gain 
RX antenna gain 
TX Power 

TX line loss 


1,296 |Line loss before LNA Moon distance 

33.00 |LNA noise figure Moon diameter 

33.00 {LNA gain Moon reflectivity 

250.00 |Line loss after LNA Sky temperature ( TSky ) 

0.10 |RX noise figure 
Bandwidth 


EIRP 487,461|Line loss before LNA Receiving system noise factor 


EIRP 56.88 |Line noise factor before LNA Receiving system noise figure 
RADAR Equation 47.04 |LNA gain 
Path loss 271.13 |LNA noise factor Overall noise temperature (including TSky ) 


Line loss after LNA 


Line noise factor after LNA 1.12 
RX noise factor f 2.51 


dB | -8.32 


G 

f 

G Noise temperature of receiving system 
i 

G Overall noise power (including TSky ) 
i 


EXPECTED SNR ( best ) 


EIRP =TX Power*(POWER(10;((TX antenna gain-TX line loss))) 

EIRP =10*LOG10(EIRP) 

RADAR Equation =10*LOG10(4*Moon distance’2/Moon diameter’2) 

Path loss =(32.45+20*LOG10(Frequency)+20*LOG10(Moon distance *2)+RADAR Equation-10*LOG10(Moon reflectivity/100)) 
Line loss before LNA =POWER(10;(-Line loss before LNA/10)) 

Line noise factor before LNA =POWER(10;(Line loss before LNA/10)) 

LNA gain =POWER(10;(LNA gain)) 

LNA noise factor =POWER(10;(LNA noise figure/10)) 

Line loss after LNA =POWER(10;(-Line loss after LNA/10)) 

Line noise factor after LNA =POWER(10;(Line loss after LNA/10)) 

RX noise factor =POWER(10;(RX noise figure/10)) 

Receiving system noise factor =G12+((G14-1)/G11)+((G16-1)/(G13*G11))+((G17-1)/((G15*G13*G11))) 


=Line noise factor before LNA+((LNA noise factor-1)/(Line loss before LNA)+((Line noise factor after LNA-1)/(LNA gain*Line loss b 


Receivin stem noise figure 
Boy @ ((RX noise factor-1)/((Line loss after LNA*LNA gain*Line loss before LNA))) 


Noise temperature of receiving system =(10“(Receiving system noise figure/10)-1)*290 

Overall noise temperature ( including TSky ) =Noise temperature of receiving system+Sky temperature ( TSky ) 

Overall noise power ( including TSky ) =10*LOG10(Bandwidth *1.39E-23*Overall noise temperature ( including TSky )) 
EXPECTED SNR =EIRP-Path loss-Overall noise power ( including TSky )+RX antenna gain 


EZMoon iOnaa Rev 1.0.0 June 2016 
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The stealth dish 


Technical characteristics : the results 


Memory Wave 
sve rVFOA 


= 296,060 
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on Disghay 
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ee a a 
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2016 Jun 10 ; fe = F Ms i 
14:53:16 > : 3 on | 532/532 @ 


JT65C QSO with SP5GDM. 
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The stealth dish 


Future plans : automatic alignment 


Y The main problem with the stealth dish is the repeatability of 
the alignment. 


yn The very narrow HPBW ( about 3 Deg. ) 


_@ |) requires strict control of orientation and 
bal the incremental encoders (Hall sensors) of 
KR SPID BIG-RAS/HR , together with the tower 
| a | tilting mechanism, impose a re-alignment 
-_ at the beginning of each session. 


Y The re-alignment is done manually calculating an offset and it 
is quite easy to perform during the day with the sun... but 
becomes much more difficult without the sun ! 


Y Absolute encoders are the obvious answer .... But this is too 
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The stealth dish 


Future plans : automatic alignment 


© ionAa- Square spiral search ENGINEERING TEST 


Enter COMspeed v |Enter COM number ~| —_ YWAVE-IN Devices available in this PC: 
Choose one device to perform analysis 
Set exploration parameters Get Rotor position ] 


Azimuth| si Azimuth | _ : 
Elevation | Elevation | 
Range 


Set Motor speed Hard Start/Stop ON 


Rotator controller 


Analyzing input signal from device # — 


< > (Hard Start/Stop OFF 


Square spiral search real time 


Real time signal value [ 


—_— PX Audio 
Azimuth offset | 


Elevation offset 


Max signal value 
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The stealth dish 


Future plans: the sky... 
Y The next challenge is the reception of pulsars .... 


Y Pulsars reception is an outstandig «methodology» to fine 
tune an EME station and to understand digital signal 
processing. 


Y The start to this long journey was the development of a 
program that can predict the «detactability» of a pulsars 
comparing the MDS ( Minimum Detectable Signal) of a 
station with pulsar flow data derived from ATNF pulsar 
catalogue. 


Y The MDS is calculated entering standard station 
parameters and integration bandwidth / time. 


Y The program is also able to track / predict the position of 
the most important radio sources. 
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The stealth dish | 


Future plans: Murmur. 


Azimuth Elevation Range Doppler Degradation 
Deg. Deg. km Hz (1290Mhz) dB (1290Mhz) 
Moon 353.61 64.08 383136.7 365.89 1.36 
Sun 130.23 51.4 
TIME _ = x -" Cygnus A 357.77 6.14 
© utc Location Latitude Longitude UTC Time meet oes oe Was as 
O Local Assisi-Beviglie 43.0922 12.5772 16/08/2016 09:03:38 a 
sre Cassiopeia A 333.34 21.22 
B0329+54 308.92 49.11 
Next 24h Pulsai 
SAVE current set as default SET Observation location CALCULATE TRACK noise sources 
1 Month Pulsar 
List of PULSARS potentially detectable 
Dish diameter m Dish area 19-63 m*2 based on ATNF Pulsar catalogue 
Dish effici % 'BO833-45 — 
ee eee —__\hrae Wave lenght 0.23 m B1641-45 Right Ascension (32000) 53.25 
Sensitivity constant Ks |1- i Effective ant. aperture 9-81 m*2 i 30437-4715 Declination (J2000) 54.58 
1290 Mh Width of pulse at 50% of k 
Frequency Z een 215 Fe : of pulse a fo of peal 6.6 
Barycentric period 0.71452 
e Antenna gain 33.58 dBi i ff a 
Line loss before LNA |0.1 dB Dispersion measure 26.76 
LNA Noise figure [0.23 dB HPBW >-2° deg i Flow 400Mhz_ 1500.0 
LNA gain |38 dB x - Flow 1,400Mhz 203-0 
a — = System noise temp. 62.98 K i : < ets 
Line loss after LNA |0.5 dB Max. integration bandwidwith 33 
Receiver noise figure |4 dB System noise figure 0.85 dB i (without de-dispersion) 
T sky [30 K i 
: Ex; ed S/N 5.51 
T spillover |10 K i MDS 132.04 mJy [i] Be f 
Z - Azimuth 308.41 
T atmosphere |0 K i The analysis does not take into account the = 
a an polarization of the signal as this parameter is Elevation 49.96 
Integration time |3600 sec. strongly depending on the specific Pulsar. P 
Plea: luate careful os) thi: | ; 
Integration bandwidth [5000 | xatz ee Set Observer location 


© Set observer location with sexagesimal notation ( DMS ) 
© Set observer location with QRA locator 
© Set observer location with decimal notation (D.DDD) 


MDS = 7 
a — . Latitude (DMS) 42 5 31 N 43.0922 Calculated QRA Locator JN6 
k= Boltzmann's constant (=1.38 *1073* joule K~* J 
= effective a Ps P Z 7 = Longitude (DMS) i> 34 E x 
ae a 2 ibe harteceha ii epheaseek ica z= Signal to Noise ratio. The higher the better. “ yu 7 = eee 
Sensitivity constant ( order of unity ) N ms 
A, = Predetection bandwidth For amateur minimum of 4 is expected. Confirr 


Tsys=Tsky+Tspill+Tatm+Ttotal 


t Postdetection integration time, sec. — im of ulsar Mux density (mf) 

n = Number of records averaged, dimensionless 7 = Antenna gain 7 = soaaa 
. tine = Integration time (sec) QRA Locator 1 Calculated Latitude (D.DDD) 43.0 

JD. Kraus, Radio Astronomy, 2nd edition, Af =Integration bandwidth ( Hz ) Confirm 


Calculated Longitude (D.DDD) 12.5792 


Cygnus-Quasar Books 1986, chapter 3, pp43-46 Tsys ystem noise temperature ( K ) 
w = Pulsar width of pulse (sec. ) 
P = Pulsar period of pulse (sec. ) 


Latitude (D.DDD) 43.0922 Calculated Latitude (DMS) 4:2 o5 31.9200 I 


Longitude (D.DDD) Calculated Longitude (DMS) +2 34 37 


D. Lorimer M. Kramer, Handbook of Pulsars Astr, 


RT Mare, ee ee 


te MU 99ND Was er 
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The stealth dish 


Conclusions : the beauty of the antennas 


oe5jfl iOnaa 
... Who said that hamradio is not romantic 
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